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AN INTERIM REPORT - VOLUME 1
THE DIMENSIONS OF PUBLIC WORKS’
EFFECTS ON GROWTH AND INDUSTRY

PURPOSE OF THIS REPORT

The Federal Infrastructure Strategy (FIS) Program is a collaborative interagency study facilitated by the
U.S. Army Corps of Engineers Institute for Water Resources designed to develop and stimulate
implementation of an effective policy for managing and maintaining the nation’s public works. This
report presents developments in one element of that study, namely an effort to delineate and understand
the effects of Federal infrastructure investments on the structure and functioning of the U.S. economy
and the overall quality of life.

This interim report is a follow-up to a July 1993 publication entitled Infrastructure in the 21st Century
Economy: A Review of the Issues and Qutline of a Study of the Impacts of Federal Infrastructure
Investments (IWR Report 93-FIS-4). That first report described the beginning of the effort in which the
Corps presented a "strawman" scope of work to three different panels composed of professional
economists and other staff from Federal agencies, Congress and academia, and solicited participation in
devising a concrete research plan.

This report describes developments since that initial workplan was articulated and is printed in three
volumes. This volume (Volume 1) contains an overview of the research effort as it is now being
implemented, namely three related research tracks to capture the different dimensions of infrastructure’s
effects on the economy. The introduction to this volume lays out the separate research tracks - one for
"telling the story" of how infrastructure investment affects economic structure, one for estimating those
impacts numerically, and one for measuring the long-run impact on the macreoconomy - and describes
the process which resulted in this research design. Following the introduction is a paraphrase proceedings
of the panel meeting, held in October of 1993, in which the research design was analyzed and discussed.

Volume 2 contains the three technical papers which developed and documented the research approaches
which form this study.

* The first paper, by Dr. Charles Hulten of the University of Maryland at College Park,
describes the different theoretical ways in which public capital moves through the
economy and suggests that a model known as a Computable General Equilibrium (CGE)
model be used to capture and delineate these effects.

* The second paper, by Dr. David Aschauer of Bates College, analyzes how public capital
affects the overall economy in the long-run. He describes what is called a dynamic
endogenous growth model which will be used to capture these long-term effects and
estimate the "optimal" long-run level of public investment as well as how this optimum
can be affected by different methods of financing (e.g. deficit versus taxes).
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* The third paper, by Dr. Ishaq Nadiri of New York University, addresses the effect of
public capital on specific industries and describes an econometric framework, using what
are known as cost functions, for estimating infrastructure’s impact on productivity within
and across different sectors of the economy.

Volume 3 contains the details of a database on public capital collected and developed by Apogee
Research, Inc. These data, and other information currently being collected, will feed into all three
research tracks, providing for consistency in each of those efforts in the data being analyzed (though one
approach may need additional data that another does not). The datasets which have been collected are
on investment flows (i.e. annual investments) and capital stocks (collections of annual investments, netting
out depreciation) for Federal expenditures in the areas of transportation, water resources and supply, and

waste management.
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AN INTERIM REPORT - VOLUME 1
THE DIMENSIONS OF PUBLIC WORKS’
EFFECTS ON GROWTH AND INDUSTRY

INTRODUCTION

The Issue

In fiscal year 1993, the Federal government made direct investments of $19.1 billion in physical
capital for nondefense purposes and indirectly invested another $31.2 billion through grants to State and
local governments.! These annual investments are substantial and yet policymakers often have little idea
of the impacts of this spending on the economy, on local areas, and on quality of life.

Determination of the proper level and allocation of infrastructure investment is a difficult and
multifaceted problem. Public works spending has many different kinds of impacts, both at the "micro”
level of an individual project and locality and at the "macro" level of a collection of projects in many
dispersed localities considered on a national scale. A particular investment may look efficient when
considered individually, but may not appear so when considered as part of a larger investment plan. The
converse also holds.

In addition, infrastructure has many costs and benefits which are not captured by the private
market and which may be far more important than the economic impacts which are reflected in market
prices and transactions. A transportation investment which allows certain segments of the population such
as the elderly to travel more readily may do little to increase national income, but may accomplish a great
deal to improve the quality of life of the people affected. Similarly, making a harbor’s waters fishable
and swimmable may have little impact on the commerce in that harbor, but may have a great impact on
the community’s enjoyment of that harbor. Just because many infrastructure effects are not captured by
market accounts does not make them any less important.

Background: The Initial Effort

It was in this context that the U.S. Army Corps of Engineers, Institute for Water Resources began
conducting a study of the economic impacts of Federal infrastructure investments. The purpose of the
study is "to assess the total rate of return on planned Federally provided and leveraged capital spending
and capital stock in selected categories of infrastructure; understand the effects that these investments may
have on economic activity; and examine and compare a number of methodologies for assessing this
impact. "
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The intent of the study was to act as a catalyst and facilitator, bringing together representation
from different Federal agencies and academic institutions to exchange ideas and develop a scope of work
which would be both policy-relevant and intellectually sound. To this end, the Corps convened a series
of three workshops, attended by personnel from a wide range of Federal agencies, Congressional
organizations and colleges and universities, to develop a study plan and to determine appropriate means
of carrying out that plan. The details of those workshops, and the initial plan which was formulated are
contained in the report, Infrastructure in the 21st Century Economy, by Cameron Gordon, issued July
1993 as IWR Report 93-FIS-4.

It was recognized at the time that fulfillment of this purpose would be no easy task; resources and
time were limited and the questions to be answered were inherently difficult. To ensure that the work
done would be worthwhile, study participants suggested three guiding principles:

* Be Original: Collect new data, or bring previously unused or internally used
information, into the public domain;

* Be Comprehensive: Consider infrastructure as a network;

* Be Policy-Oriented: focus on how Federal expenditures affect, and are affected by,
the structure of the economy .’

After much discussion, four broad sets of tasks were outlined to accomplish these purposes. These
were to:

1. Develop an overall framework to account for the broad costs and benefits of Federal
infrastructure investment and integrate thenr into a single conceptual view of the world.

2. Collect more comprehensive data on the stocks of public capital, the flow of services
that are derived from those stocks, and the investment and depreciation streams which
increase or decrease these capital stocks, providing as many different levels of

aggregation as possible.

3. Compare, in a controlled fashion, different methods for analyzing infrastructure
impacts, in order to differentiate real economic impacts of infrastructure from the effects
of alternative methodological assumptions.

4. Simulate future impacts, since policymakers are concerned with the prospective
effects of their policies.*

The development of an overall accounting framework was felt to be useful to organize information
and clarify the relationship of investments to disparate sorts of impacts, particularly highlighting the
relationship between market effects, the primary focus of the study, and nonmarket effects; collection of
more complete data ranging from aggregate macro-level data all the way down to micro-level detail would
fill out the accounting framework to the fullest possible extent; analysis of the data with different methods
might clarify the way in which different methodologies affect estimates of impacts; and future simulations
would result in estimates useful to decisionmakers.
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After the initial workshops were concluded with a final meeting on November 6, 1992, work on
the various parts of the effort began. This constituted Phase 1 of the effort in which Apogee Research,
Inc. of Bethesda, Maryland was retained to collect new data, while M. Ishaq Nadiri of New York
University, Charles Hulten of the University of Maryland at College Park, and David Aschauer of Bates
College began working on developing conceptual approaches which could be implemented. Work
proceeded over the coming months so that by October of 1993, the data collection was largely complete,
and Drs. Nadiri, Hulten and Aschauer had developed proposals for modelling approaches to utilize,
analyze and understand this data.

An Evolution

These efforts were reviewed at a progress meeting, held on October 6, 1993. The results of the
meeting showed that much had been accomplished and that these accomplishments had caused the effort
to evolve in promising but somewhat unexpected ways. As one participant put it: "You know the
pendulum on these meetings has swung up and back but hopefully each time we have some more
information and I think we do."’

Specifically, Apogee had collected a detailed data set for Federal investments in water resources,
waste management and transportation, bringing into this domain some previously under-utilized data from
Federal agencies, particularly the Corps of Engineers and Federal Highway Administration. Apogee had
also estimated stocks of public capital using a number of alternative assumptions about depreciation rates,
and had analyzed the effects that those varying assumptions had on final measures of capital stock.

On the conceptual side, Charles Hulten discussed how the micro-economy functions according
to standard economic theory and showed how that economy can be altered once public capital is
introduced. He proposed a way in which this theoretical understanding of the economy could be
modelled and used to analyze and better understand the way in which infrastructure affects, and is
affected by, economic structure. David Aschauer focused on the macro-economic picture, proposing to
estimate a model which would measure the impact of the total public capital stock on long-run economic
growth and further examining the impact that different financing methods, e.g. deficit finance versus
taxes, might have on that growth. Finally, M. Ishaq Nadiri proposed to use the data which had been
collected to estimate the different components of productivity growth, including that which might be
attributable to public capital, and to measure the differential impacts that infrastructure has on different
industry cost structures.

Participants generally felt that the purpose of the study and the problems that needed to be
addressed were still salient. The size and nature of the payoffs to Federal infrastructure investments
continued to be murky, and the debate over appropriate policy actions remained divided. That division
needed to be narrowed, and the sources of disagreement needed to be better understood, particularly since
investment decisions continued to have to be made. Charles Hulten put the matter in perspective:

One camp says that there should be a lot more investment, while others say that there is
enough investment, and up to now neither camp has credibility. On the one hand, the
macro approach exists in a sort of void unconnected back to any of the intuitions which
people think they have now....By the same token, benefit-cost analysis is allegedly drawn
too narrowly... One of the reasons that I thought this project would be worthwhile was
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that we could build up our intuitions and understand when those high elasticities might
be justified.®

The past eleven months had also indicated that the task of clarifying the issue and coming up with
firm insights was even more subtle than originally thought. The general sense of participants was that
the next phase of work needed to (1) analyze the different dimensions of the problem - i.e. the micro and
macro dimensions and short- and long-run dimensions - and link these different dimensions as much as
possible; (2) use different methods of analysis in a complementary way, where different aspects of the
problem would be tackled with the method best suited to disentangling it; and (3) explicitly focus on
telling the story of how infrastructure affects the economy and not just on measurement of how big those
impacts might be.

(1) Analyzing the Dimensions of the Problem
Of the many possible dimensions of public capital’s impact, three possible dimensions are

summarized below in Figure 1. These dimensions are the time-frame of analysis; the complexity of
analysis; and the level of analysis.

Time-Frame of Analysis

Al

A Short-run—» Long-run

Level of
; - Analysis

Complexity’
of Analysis

Figure 1: Dimensions of Economic Impacts of Infrastructure
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Level of analysis refers to the degree of detail or disaggregation. Thus, a given infrastructure

project has an effect on the area in which it is located and the immediately surrounding area. This might
be referred to as the "micro" impact of the project. In addition, a given project has effects which occur
during the time in which it is built. This could be referred to as the "short-run" impact.

It stands to reason, of course, that Federal infrastructure investment does not just consist of one
project but a collection of projects which make up a system or network. Similarly, a bunch of successive
"short-runs" is soon long enough in its time span that it is no longer a short-run at all. Eventually, the
analyst has to explain and understand the time-frame of analysis, namely the "long-run" and "macro"
impacts of infrastructure as well as its short-run and micro-effects to fully comprehend the efficacy of
public works investment.

In addition, one can look at a project’s impact today and compare it with the same project’s
impact five years hence; that would be a "static" approach in which the only concern is the comparison
of a situation at point in time with a situation at a different point in time. But one might also be
concerned with the steps which had to be covered in moving from one situation to another. In this case,
one would want to increase the complexity of analysis, namely adopt a "dynamic" approach.

The picture is complicated by the fact that public capital itself is a commodity with characteristics
which make straightforward economic analysis potentially difficult, namely that it is often what
economists refer to as a "public good". For example, an inland navigation improvement may result in
total benefits which exceed costs. However, the investment may appear unattractive to private investors
because it may be difficult to exclude users who didn’t pay for the project and hence be difficult for the
private investor to recover costs. The "publicness" of the good in this case, and the potential economies
of scale, both justify public provision of the good, and make economic analysis of policy options more
complicated.

All of these differing analytic perspectives must ultimately be taken into account for a full
understanding of the economic impacts of infrastructure and the differing perspectives must be linked in
a coherent way.

(2) Using Complementary Methods

The discussion above highlights the fact that a problem this many-sided seems to demand many
different methods of analyzing it. A comment by Ishaq Nadiri sums up the overall (though not exclusive)
sense of participants on the issue of using different methods to tackle different problems:

This analytical marriage of benefit-cost analysis and macro-economic analysis is not
around the corner....To me, as limited as these production and cost function methods are,
we need to understand where the effects are and add additional information wherever we
can get it....Econometrics uses averages in its estimates - an average price or what have
you - while policy questions deal in increments. They are different approaches and it is
going to be very difficult even to bring the approaches into conformity with one another.
They are just different. I mean, one is going by railroad, the other going by truck.’

In short, with a problem as multidimensional and complex as infrastructure, a multiplicity of methods
must be used, with some approaches best used for some problems, and other approaches used for others.
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(3) Telling and Understanding the Infrastructure Story

It is not enough to estimate the size of impacts at different levels of detail and time in the
economy: the structure of that economy still needs to be articulated so that the linkages between that
investment and a particular economic outcome (for example, a change in employment mix) can be seen,
understood, and measured. :

In addition, policy-relevant research needs to be concerned with the implementation and analysis
of policy options in practice.  For example, some of the ways in which the government finances
infrastructure have impacts which may be negative and which may overwhelm the positive impact of the
spending itself. Deficit financing of an efficient public works investment may, if the investment is large
enough, "crowd out" private investments by using up the available sources of funds and hence driving
up interest rates. Similarly, if spending is financed primarily with taxes on capital sources, private
savings and investment may fall even as public investment rises.

Finally, while theoretical models aid in a understanding a problem conceptually, there must be
a translation from this conceptual understanding to procedures which can be used to evaluate whether
real-life projects are worthwhile are not.

Phase 2 of the Effort

The discussion above indicates the challenges that phase 2 of the study is addressing. The overall
products of this second phase could be expressed as follows:

1. The underlying structure of the economy, and the way in which public capital works
in that economy, will be better described, particularly with respect to "anomalies" such
as publicness of goods and external economies.

2. Specific elements of that economic structure, particularly industry and sectoral links,
will be more fully documented, and the specific impacts of public capital on costs, output
and other factors will be empirically tested and estimated.

3. The long-run growth implications of public capital investment, and the effects of
different public financing alternatives on long-run growth, will be assessed.

4. The analogy between the introduction of public capital into a specific production 6r
utility function in a general equilibrium model and the undertaking of a specific
investment in the real world will be explored.

To obtain these products ultimately, four different but related research tracks have been decided
on:

First the articulation of the basic structure of the economy will be accomplished along the lines
proposed by Dr. Charles Hulten, in which a Computable General Equilibrium (CGE) model will be used
as a point of departure. A CGE model is a representation of a market-clearing, static economy in which
the objectives, preferences and technologies of, and interrelationships between, producers and consumers
are fully articulated to the extent that the magnitudes of these various characteristics can be measured
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(hence the "computable" in the title). Much as the assumptions underlying a theoretical model can be
relaxed to increase its complexity and realism, the CGE model will be modified to take into account
complications such as external economies and network effects. Simulations will be done in which public
capital is introduced into the system at varying levels of aggregation (down to firm-level potentially) and
at various points (e.g. particular industries). These simulation results will be used to: (a) trace through
the sequence of effects of public capital in the economy; (b) develop criteria which would alert an analyst
to situations where nonlinearities and other anomalies might exist; and (c) provide estimates of net effects
where the impact of aggregation of gross sub-effects is apparent and can be compared to estimates arrived
at by other methods (e.g. macro estimates).

Second, econometrically estimated cost-functions, as proposed by Dr. Ishaq Nadiri, will be used
to develop and test more detailed cost-elasticity estimates of public capital and also to focus more closely
on industry and sectoral effects of public capital. Conceptually, the cost function shows combinations
of inputs, at given input prices, which minimize the cost of producing a level of output. In estimating
such functions for different industries, one can begin to measure how public capital changes costs in
different sectors. In addition, this effort will also develop an econometric framework for identifying and
estimating the components of infrastructure’s productivity impacts in various regions and industries.

Third, a dynamic endogenous and neoclassical growth modelling approach, as proposed by Dr.
David Aschauer, using, in part, applicable results of the Nadiri and Hulten work, will be employed to
estimate the optimal long-run ratio of public capital to private capital for the economy as a whole, and
assess the effects of different public financing methods (e.g. a tax on labor versus a tax on capital as
discussed above) on the net long-run economic impact of public capital investment.

Finally, the fourth track will extend the CGE framework, proposed by Hulten, relying on
additional experts in the field of benefit-cost practices at the Federal level, to explore some applications
of benefit-cost theory on specific (hypothetical) investments and their conceptual and practical links to
the analogous introduction of public capital into specific production and utility functions in a general
equilibrium setting, and vice-versa.

Work has already begun on these various tracks. A full development of all these research
elements will take some time, but a basic implementation of these approaches, serving as a foundation
for further work, will be completed by the end of the calendar year 1994, with a report to follow within
a month.

An Outline of the Rest of This Report

The rest of this report is in three volumes. The first volume - this one - contains this introduction and
the paraphrase proceedings of the October 6th 1993 review committee meeting, which ushered in and
helped develop the second phase of the effort. The second volume contains three papers presented by
Drs. Nadiri, Hulten and Aschauer at the review meeting which form the basis of the research tracks of
phase two of the effort. The third volume contains the data report by Apogee Research which was also
presented at the October 6th meeting. Taken together, these three volumes provide both a record of how
the project has progressed, and spells out the conceptual basis upon which the current work is proceeding.
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Endnotes

1. Budget of the United States, FY 1995, Volume 4, page 109, Table 8-1.
2. Gordon, 1993, p. 31.

3. Gordon, 1993, p. 17.

4. Gordon, 1993, pp. 21-22.

5. see page 46 of proceedings in this volume.

6. See page 47 of the proceedings in this volume.

7. See page 48 of the proceedings in this volume.
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AGENDA

Meeting for review and guidance on data collection and model development for the study “Assessing the
Economic Effects of Planned Federal Infrastructure Investments.”

U.S. Advisory Commission on Intergovernmental Relations (ACIR)
Suite 450, Conference Room
800 K Street, NW
Washington, D.C. 20009
Wednesday, October 6, 1993
9:00 am Welcome and Overview

9:20 am Public Infrastructure Investment Data Report

David Albright, Project Manager
Apogee Research, Inc.

10:20 am Break

10:35 am Public Capital and Economic Growth: The Micro-Macro Linkages
Charles R. Hulten, Ph.D.
University of Maryland

11:50-12:40 pm Lunch Break

12:40 pm Public Capital, Productivity, and Macroeconomic Performance

David A. Aschauer, Ph.D.
Bates College

2:00 pm Infrastructure Capital and Productivity Analysis: Cost- and
Profit-Function Approaches

M. Ishaq Nadiri, Ph.D.
New York University

3:20 pm Break
3:30 pm Discussion of Next Steps
4:30-5:00 pm Wrap-up and Adjourn
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Paraphrase Proceedings of October 6 Meeting

Welcome and Introduction

Schilling: Welcome to this meeting, sponsored and facilitated by the U.S. Army Corps of Engineers,
Institute for Water Resources to review the progress made in this study of the economic impacts of
planned Federal infrastructure investments.

It has been 10 months since we last met. Since then, the paésage of the "Government
Performance and Results Act of 1993" and release of the National Performance Review has brought to
the fore the issue of government performance/productivity.

As you know, this study is part of an overall interagency program - the Federal Infrastructure
Strategy (FIS) - which looks at performance in the various aspects of Federal public works, such as
management, finance, Research & Development, and technology transfer.

Much has happened in this overall program as well. In particular, a national conference was held
in July bringing together public works practitioners, analysts and managers in all levels of government.
Basic principles and guidelines to obtain "high performance” infrastructure were outlined and ratified.!

Today’s meeting is another step in one component of the FIS: an interagency project begun last
year to assess infrastructure’s relationship to economic growth and productivity. At that time, a basic
scope of work was outlined and agreed upon.

You have before you the first products of that scope; these are modelling approaches by:

Dr. Charles Hulten, focusing on building a bridge between micro- and macro- analyses;

Dr. M. Ishaq Nadiri, focusing on cost-function analysis of infrastructure;

and Dr. David Aschauer, focusing on long-run dynamic growth models.

You also have before you a report on the infrastructure data collected by Apogee Research, Inc.

Now we are at a critical juncture. We will spend most of the day informing you about the
progress of the effort and we have some time allotted at the end of the day to hear input from you on the
direction of the program in addition to questions of clarification that may arise during the presentations.

But it is important to realize that we are not necessarily seeking to come to consensus here, nor
is this the only time for feedback. There is a lot of information to cover and not much time to cover
every detail. This is part of a process to make sure this effort will produce credible, intellectually sound
and policy-relevant results. We want to respond to. your questions and invite input at any time.

Thus we need to keep focused on getting some useful output at the end of the project, output

which can be built upon. We need to address potential time and resource constraints, and we must stay
concrete and constructive in our orientation.
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We have here the project staff from Apogee and from the Institute for Water Resources
(introduces staff). We are also pleased to have Bob Stearns with us who started this process with a list
of eight questions that he and other policymakers had to face.> He hoped that this effort would provide
SOme answers.

Stearns: I’m not going to answer those eight questions. My job is simply to introduce the proceedings.
There have been lots of changes since we last met. The new administration has a genuine commitment
to investing more in infrastructure. There is more emphasis on excellence in government. This
administration really wants to increase investment in infrastructure, but there is a realization that the
money is not there. All of these factors lead me to believe that this study and others will prove useful
to policymakers. This effort is already having an effect on White House policy and will have more to
the extent that we provide useful tools and information to help make decisions. Keep in mind that we
are trying to produce tangible results which will help policymakers.

[There followed an introduction of people in the room and the panel consisting of Doctors Hulten,
Aschauer, and Nadiri.]

Schilling: Bob, I don’t think we’re going to answer all of your eight questions when we get through, but
hopefully we will make progress. David, I think I’ve said enough, and will hand it over to you.

Public Infrastructure Investment Data Report

Albright: Apogee Research is very pleased to be part of this effort and to be working with Professors
Aschauer, Nadiri and Hulten. The purpose of the meeting is to be an open forum on the issues
surrounding the project and the next steps to be taken in it. We would like to solicit comments and
suggestions during the presentations and have also reserved some time at the end to discuss the future
thrust of the work. We’ve asked the authors to address themselves to what the next steps are.

The primary purpose of the data report is to pull together a comprehensive data set which will
be used to support the empirical analysis conducted using one or more of the approaches being developed
now, and presented at this forum.

We were primarily focusing on collecting public expenditure data at all levels of government.
There were two purposes here: to develop capital stocks and to develop data for use in a benefit-cost type
of analysis which was forward-looking, i.e. which could be used for forecasting. Additionally, we
collected private sector data largely from the Bureau of Economic Analysis (BEA) and other agencies.

Our general approach was to get as disaggregated data as possible. One level of disaggregation
was geographic - Stat